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Abstract 
Objective 

To provide a pipe structure for reducing the attachment of particulates. 
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Solution means 

An inner surface 1 1 of a main pipe 1 for mixing and dilution air with an exhaust gas and 
circulating it is mirror-finished, and an outer tube 2 is installed via a vacuum layer 3 over the 
main pipe 1, and an outer surface 21 of the outer tube 2 is mirror-finished. 
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Key: 1 Main pipe 

11, 141 Inner surfaces 

2 Outer tube 

21,161 Outer surfaces 

3, 15 Vacuum layers 

14 Exhaust gas inlet pipe (inner pipe) 

16 Outer pipe 



Claims 

1. A pipe structure for reducing the attachment of particulates, characterized by the fact 
that the inner surface of a main pipe for mixing dilution air with an exhaust gas and circulating it 
is mirror-finished; an outer tube is installed via a vacuum layer over the main pipe; and the outer 
surface of the outer tube is mirror-finished. 

2. The pipe structure for reducing the attachment of particulates of Claim 1, characterized 
by the fact that the inner surface of an exhaust gas inlet pipe, which is connected with its 
downstream end facing the upstream end opening of the above-mentioned main pipe, is mirror- 
finished; an outer pipe is installed via the vacuum layer over the exhaust gas inlet pipe; and the 
outer surface of the outer pipe is mirror-finished. 
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Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a pipe structure in a device for measuring particulates in 
exhaust gas from diesel engines, etc. 

[0002] 
Prior art 

In the device for measuring particulates, a diluted exhaust gas, in which exhaust gas from 
an engine is diluted in a prescribed ratio by mixing it with dilution air, is introduced into an 
analyzer in a main pipe. 

[0003] 

The main pipe, for example, as shown in Figure 3, usually has a double pipe structure in 
which an insulating material b widely used in air-conditioning facilities is wrapped around its 
outside and an outer tube c is installed over the outside of the insulating material b, and a double 
pipe f for introducing exhaust gas d and dilution air e is connected to an upstream end opening of 
the main pipe a. 

[0004] 

Problems to be solved by the invention 

However, since the exhaust gas discharged from the engine is hot, the temperature 
remains high even if it is reduced by introduction of dilution air from the outside, and although 
the insulating material b was applied, the inner surface of the main pipe a was at a lower 
temperature than that of the gas, so that condensation resulted on the inner surface. The 
particulates to be collected by a filter were thereby deposited on the inner surface of the main 
pipe a. 

[0005] 

The present invention considers this situation, and its purpose is to provide a pipe 
structure for reducing the attachment of particulates. 

[0006] 

Means to solve the problems 

In the present invention, means to solve the above-mentioned problems are constituted as 
follows. The invention of Claim 1 is characterized by the fact that the inner surface of a main 
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pipe for mixing dilution air with exhaust gas and circulating it is mirror-finished; the main pipe is 
inserted via a vacuum layer into an outer tube; and the outer surface of the outer tube is mirror- 
finished. 

[0007] 

The invention of Claim 2 is characterized by the fact that in the invention of Claim 1, the 
inner surface of an exhaust gas inlet pipe, which is connected with its downstream end facing the 
upstream end opening of the above-mentioned main pipe is mirror-finished; the exhaust gas inlet 
pipe is inserted via a vacuum layer into an outer pipe; and the outer surface of the outer pipe is 
mirror-finished. 

[0008] 

First, the constitution of the invention of Claim 1 makes it difficult for particulates to 
become attached because the inner surface of the main pipe is mirror-finished, and because the 
propagation of heat between the inside of the main pipe and the exterior is hindered by the 
vacuum layer interposed between the main pipe and the outer tube and the outer surface of the 
outer tube is mirror-finished, condensation, etc., in the main pipe is prevented, so that the 
precipitation of particulates is prevented, thereby improving measurement accuracy. 

[0009] 

More specifically, heat conduction from the main pipe to the exterior is largely prevented 
by the vacuum layer, and conduction of external heat to the inside of the main pipe is prevented. 
Also, since radiant heat is reflected by the specular surface in the main pipe, the discharge of 
heat to the outside is prevented, and radiant heat from the outside is reflected and hindered by the 
specular surface of the outer tube, so that a difference between the temperature of the inner 
surface of the main pipe and the temperature of the diluted exhaust gas is unlikely to be 
generated. 

[0010] 

Also, in the invention of Claim 2, the inner surface of the inner pipe for directly 
circulating an exhaust gas and the outer surface of the outer pipe are mirror-finished, and a 
vacuum layer is interposed between the inner pipe and the outer pipe, so that a difference 
between the temperature of the inner surface of the inner pipe and the temperature of the diluted 
exhaust gas is unlikely to be generated, thereby further preventing the precipitation and 
attachment of particulates. 
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[0011] 

Embodiment of the invention 

Next, an embodiment of the pipe structure for reducing the attachment of particulates of 
the present invention will be explained in detail based on the figures. Figure 1 is a constitutional 
diagram showing a main pipe, and Figure 2 is an enlarged partial diagram of this. In these 
figures, 1 is a main pipe, and its inner surface 1 1 is mirror-finished. 2 is an outer tube installed 
over the outside of the main pipe 1 via a vacuum layer 3, and its outer surface 21 is mirror- 
finished. 22 is a socket for vacuum suction. 

[0012] 

4 is a fixing flange connected to an upstream-side opening end 5 of the main pipe 1, 6 is a 
positioning flange fixed to the downstream side of the main pipe 1, 7 is a fixing flange installed 
over the main pipe 1 via O rings 8, 9 is a fixing flange fixed to both ends [sic] of the outer tube 2 
and attached to fixing flange 7, via O ring 10, with bolts and nuts (not shown in the figure). 

[0013] 

13 is an exhaust gas inlet pipe with a double pipe structure in which the pipe end faces 
the inside of the upstream end opening of the main pipe 1, and consists of an inner pipe 14 for 
introducing an exhaust gas, an outer pipe 16 installed via a vacuum layer 15 over the inner pipe 
14, and an outer tube 17 which forms a flow passage for circulating dilution air between this tube 
and the outer pipe 16. An inner surface 141 of the inner pipe 14 and an outer surface 161 of the 
outer pipe 16 are mirror-finished. 

[0014] 

18 is a socket for vacuum suction between the inner pipe 14 and the outer pipe 16, 19 is a 
socket for introducing dilution air, 20 is a positioning flange fixed to the outer tube 17, 23 is a 
fixing flange installed over the outer tube 17 via O rings 24 and attached, via the O rings 10, by 
bolts and nuts (not shown in the figure) to the fixing flange 12 mounted on the outer tube 2. 

[0015] 

25 is a fixing flange installed over the outer tube 17 via O rings 26 and attached, via O 
rings 27, by bolts and nuts (not shown in the figure) to the fixing flange 4 mounted on the main 
pipe 1. 
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[0016] 

With the above-mentioned constitution, exhaust gas (100-500°C) is directly introduced 
into the inner pipe 14 of the exhaust gas inlet pipe 13, mixed with a diluted gas (25°C ± 5°C) 
introduced via socket 19 into the upstream-side opening of the main pipe 1, and sent as a diluted 
exhaust gas, at about a maximum of 52°C, to the downstream side. 

[0017] 

In the vicinity of the upstream-side opening end of the main pipe 1 where the exhaust gas 
is directly mixed with the dilution air, the temperature is rapidly lowered, but because the inner 
surface 1 1 of the main pipe 1 is mirror-finished, particulates have difficulty becoming attached. 
In addition, the heat content of the main pipe 1 is effectively prevented from being conducted to 
the exterior by the relative large volume of the vacuum layer 3 between it and the outer tube 2, 
and by the mirror-finish of the inner surface 11. Also, the outer surface 21 of the outer tube 2 is 
mirror-finished, so that external heat is prevented from propagating to the inside of the main pipe 
1. A difference between the temperature of the inner surface 11 of the main pipe 1 and the 
temperature of the diluted exhaust gas is therefore unlikely to be generated, and the precipitation 
of particulates is effectively prevented. 

[0018] 

On the other hand, in the exhaust gas inlet pipe 13 connected to the preliminary stage of 
the main pipe 1, the inner surface 141 of the inner pipe 14 for directly introducing the exhaust 
gas and the outer surface 161 of the outer pipe 16 are also mirror-finished, and vacuum layer 15 
is interposed between the inner pipe 14 and the outer pipe 16, so that a difference between the 
temperature of the inner surface 141 of the inner pipe 14 and the temperature of the exhaust gas 
is unlikely to be generated. The precipitation and attachment of particulates is therefore also 
avoided at the preliminary stage before introduction into the main pipe 1. 

[0019] 

Thus, the difference between the temperature in the pipe, from the exhaust gas inlet pipe 
13 through the main pipe 1 to a heat pipe (not shown in the figure) at the downstream end, and 
the temperature of the exhaust gas is reduced, and the inner surfaces 141 and 11 of the pipes 13 
and 1 are mirror-finished, so that the attachment of particulates is prevented, thereby enabling 
improvement of the measurement accuracy. 
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[0020] 

Effects of the invention 

As explained above, according to the invention of Claim 1, since the inner surface of the 
main pipe is mirror-finished, the outer tube is installed via the vacuum layer over the main pipe, 
and the outer surface of the outer tube is mirror-finished, particulates have difficulty becoming 
attached to the inner surface, and the heat transfer between the inside of the main pipe and the 
exterior is inhibited, so that the difference between the temperature of the inner surface of the 
pipe and the temperature of the exhaust gas is reduced. The precipitation of particulates is 
thereby prevented, and high measurement accuracy can be obtained. 

[0021] 

Also, in the invention of Claim 2, since the inner surface of the exhaust gas inlet pipe, 
which is connected with its downstream facing the upstream end opening of the main pipe, is 
mirror-finished, the outer pipe is installed via the vacuum layer over the exhaust gas inlet pipe, 
and the outer surface of the outer pipe is mirror-finished, the difference between the temperature 
of the exhaust gas and the temperature of the inner surface of the pipe can also be reduced, so 
that the attachment of particulates can be further prevented. 

Brief description of the figures 

Figure 1 is a cross section showing an embodiment of the pipe structure for reducing the 
attachment of particulates of the present invention. 

Figure 2 is an enlarged partial cross section showing its main parts. 

Figure 3 is an enlarged cross section showing the main parts of an example of a 
conventional pipe structure. 

Explanation of symbols 



1 Main pipe 
11, 141 Inner surfaces 

2 Outer tube 
21, 161 Outer surfaces 
3, 15 Vacuum layers 

14 Exhaust gas inlet pipe (inner pipe) 

16 Outer pipe 
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Key: 1 Main pipe 

1 1, 141 Inner surfaces 

2 Outer tube 
21,161 Outer surfaces 

3 Vacuum layer 

14 Exhaust gas inlet pipe (inner pipe) 

16 Outer pipe 




Figure 2 



Key: 15 Vacuum layer 




Figure 3 
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